A strain-based criterion can possibly serves as a direct and convenient approach for the stability assessment of geo-structures. The purpose of the present study is to experimentally verify the applicability of 2 strain-based failure criteria: 1) critical tensile strain criterion and 2) critical strain criterion (Sakurai, 1982) to rocks and concrete. Failure criteria also can be based on strain. Strain-based criteria have significant values in practical engineering. For example, in underground cavity excavations, the information on the strain or deformation of the structures composes the most of monitoring data of structure responses because they are measured more easily than the stresses. The strain-based criteria can serve as a direct and convenient approach for the stability assessment of geo-structures with no need to pre-assume a constitutive equation. Furthermore, the strain-based failure criteria are necessary for the mechanical analysis in strain space. Although the strain-based criteria were not intensively studied and widely applied in comparison with the stress-based criteria, they have become the subject of some studies in recent years. In the present study, experimental verifications will be made on 2 criteria: tensile strain criterion3) and critical strain criterion4), based on our experimental results of several kinds of rocks and concrete under triaxial compressions.
Tensile strain criterion, proposed by Fujii3), is expressed by the following simple equation.
where ET is the minimum principal strain(tensile) and ETc is the critical tensile strain defined as the absolute value of ET at failure (Fig.1) . Note that compressive strain is defined as positive. The equation(1) means that failure occurs when the minimum principal strain reaches the critical value. Although the equa- where a cis uniaxial compressive strength and Ei is modulus of deformation( Fig.1) . The equation(2) means that rock under uniaxial compression tends to fail when the maximum principal strain exceeds the critical value. It has been demonstrated that for same kind of rock , the critical strain of the jointed rock mass measured by in-situ tests is almost equal to that of the intact rock by laboratory tests. This suggests that the critical strain of jointed rock mass can possibly be obtained by laboratory tests44. The critical strain defined as equation (3) shows similar value to that defined as equation (4) in case of triaxial tests for tuff, and it is independent of confining pressure, moisture content, temperature to some extent12).
where (ƒÐ1-ƒÐ3)f is the differential stress at failure, E is modulus of deformation. days, the concrete specimens were taken out of the water, the upper and lower surfaces of the specimens were ground and placed in the laboratory for 3 months to be room dried. Uniaxial and conventional triaxial tests and true axial tests have been carried out with the apparatuses at Geological Survey of Japan. The apparatus for conventional triaxial tests with an axial loading capacity of 2000KN and a confining pressure capacity of 100MPa, can be used to load a specimen in force control or in deformation control. Specimen assembly for conventional triaxial tests is illustrated as Fig.2 . The specimen in the vessel, jacketed with 0.5mm thick shrinkable tube, was connected to a pore pressure system which supplied pore pressure and kept it constant. The deformations of the specimen were measured by 6 cantilever-type displacement transformers, on each of which 4 strain gates in full bridge configuration were mounted. The 2 axial transformers were fixed between 2 end Fig.5 show differential stress-strain curves for room dry specimens and with pore pressures. Note that in Fig.4(a) and Fig.5(a) , the diametrical strain is total strain including the strain occurring due to loading of the confining pressure and pore pressure, while in Fig.4(b) and Fig.5(b) , the axial strain is differential strain. It has been ob- Fig.4(a) and Fig.5(a) is the higher one of the values measured by 2 lateral displacement transformers perpendicu larly installed in the middle height of the specimen (Fig.2) . The figures in Fig.4 are As shown in Fig.6 The room dry concrete with maximum aggregate sizes of 23, 5, 15mm has been deformed under conventional triaxial compressions up to a maximum confining pressure of 30MPa. Fig.7 shows the stress-strain curves. A previous study has revealed that the brittle-ductile transition occurred at a confining pressure of 5-10MPa. According to the stress-strain curves measured, the (Fig.8) 
